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The system created in non-central relativistic nucleus-nucleus collisions possesses large orbital 
angular momentum. Due to spin-orbit coupling, particles produced in such a system could become 
globally polarized along the direction of the system angular momentum. We present the results of 
A and A hyperon global polarization measurements in Au-|-Au collisions at y^sjvjv = 62.4 GeV and 
200 GeV performed with the STAR detector at RHIC. The observed global polarization of A and A 
hyperons in the STAR acceptance is consistent with zero within the precision of the measurements. 
The obtained upper limit, |-Pa,aI ^ 0.02, is compared to the theoretical values discussed recently in 
the literature. 

PACS numbers: 25.75.-q, 24.70.-fs, 25.75.Ld, 14.20.Jn, 23.20.En 



I. INTRODUCTION turn. One of the novel phenomena predicted to occur 

The system created in non-central relativistic nucleus- 
nucleus collisions possesses large orbital angular momcn- 
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in such a system is global system polarization [U, 0, [1] . 
This phenomenon manifests itself in the polarization of 
secondary produced particles along the direction of the 
system angular momentum. The global polarization may 
provide valuable insights into the evolution of the sys- 
tem, the hadronization mechanism, and the origin of 
hadronic spin preferences. The system orbital angular 
momentum may be transformed into global particle spin 
orientation preferences by spin-orbit coupling at various 
stages of the system evolution. It can happen at the 
partonic level, while the system evolves as an ensemble 
of deconfined polarized quarks. The polarization of the 
secondary produced hadrons could also be acquired via 
hadron re-scattering at a later hadronic stage. An exam- 
ple of such system orbital momentum transformation into 
global polarization of produced p-mesons, due to pion re- 
scattering, is discussed in 

One specific scenario for the spin-orbit transformation 
via the polarized quark phase is discussed in There, 
it is argued that parton interactions in non-central rela- 
tivistic nucleus-nucleus collisions lead first to the global 
polarization of the produced quarks. The values for this 
global quark polarization at RHIC (Relativistic Heavy 
Ion Collider) energies were estimated to be quite high, 
around 30% percent. In the case of a strongly interacting 
QGP (Quark Gluon Plasma), this global quark polariza- 
tion can have many observable consequences, such as a 
left-right asymmetry in hadron production at large rapid- 
ity (similar to the single-spin asymmetry in pp collisions) 
or polarization of thermal photons, di-leptons, and final 
hadrons with non-zero spin. In particular, it would lead 
to global polarization of the hyperons, which could be 
measured via their weak, self-analyzing decays. Assum- 
ing that the strange and non-strange quark polarizations, 
Ps and Pq, are equal, in the particular case of the 'exclu- 
sive' parton recombination scenario the values of the 
global polarization Ph for A, S, and S hyperons appear 
to be similar to those for quarks: Ph — Pq ~ 0.3. Re- 
cently more realistic calculations [3| of the global quark 
polarization were performed within a model based on the 
HTL (Hard Thermal Loop) gluon propagator. The re- 
sulting hyperon polarization was predicted to be in the 
range from —0.03 to 0.15 depending on the temperature 
of the QGP formed. 

In this paper we present the results of A and A hy- 
peron global polarization measurements in Au-|-Au col- 
lisions performed at ^SArAr=62.4 and 200 GeV with the 
STAR (Solenoidal Tracker At RHIC) detector. In this 
work the polarization is defined to be positive if the hy- 
peron spin has a positive component along the system 
orbital momentum, while in [l|, jj] the opposite conven- 
tion is used. The paper is organized as follows. First we 
overview the global polarization measurement technique 
and introduce relevant observables. Then the results of 
A and A hyperon global polarization are presented as 
functions of pseudo-rapidity, transverse momentum, and 
collision centrality. Subsequently, the possible systematic 
uncertainties of the method and the detector acceptance 



effects are discussed and systematic errors are estimated. 



II. GLOBAL POLARIZATION OF HYPERONS 

The global polarization of hyperons can be determined 
from the angular distribution of hyperon decay products 
relative to the system orbital momentum L: 

dN 

— ^l + an Ph cosO* , (1) 

dcost^* 

where Ph is the hyperon global polarization, an is the 
hyperon decay parameter, and 6* is the angle in the hy- 
peron rest frame between the system orbital momentum 
L and the 3-momentum of the baryon daughter from the 
hyperon decay. 

The global polarization Ph in Eq. [1] can depend on 
hyperon kinematic variables such as transverse momen- 
tum p^ and pseudorapidity rj^ , as well as on the relative 
azimuthal angle between the hyperon 3-momentum and 
the direction of the system orbital momentum L. In this 
work we report the p^ and rj^ dependence of the global 
polarization averaged over the relative azimuthal angle 
(see section III CI for a detailed discussion of this defini- 
tion). 

Since the system angular momentum L is perpendicu- 
lar to the reaction plane, the global polarization can be 
measured via the distribution of the azimuthal angle of 
the hyperon decay baryon (in the hyperon rest frame) 
with respect to the reaction plane. Thus, the known 
and well established anisotropic flow measurement tech- 
niques Q can be applied. 

In order to write an equation for the global polariza- 
tion in terms of the observables used in anisotropic flow 
measurements, we start with the equation that directly 
follows from the global polarization definition ([T]): 

Ph = — (cosr) . (2) 
an 

The angle brackets in this equation denote averaging over 
the solid angle of the hyperon decay baryon 3-momentum 
in the hyperon rest frame and over all directions of the 
system orbital momentum L, or, in other words, over 
all possible orientations of the reaction plane. Similarly, 
we can write an equation for the global polarization in 
terms of the reaction plane angle ^rp and the azimuthal 
angle </>* of the hyperon decay baryon 3-momentum in the 
hyperon's rest frame (see Fig.[T]for notations). By using a 
trigonometric relation among the angles, cosO* = sinO* ■ 
sin (0* — 'I'rp) {6* is the angle between the hyperon's 
decay baryon 3-momentum in the hyperon rest frame and 
the beam direction) , and integrating distribution ([T]) over 
the angle 9*, one finds the following equation for the 
global polarization: 

Ph = -^(sin(0;-*Rp)) . (3) 
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In this equation, perfect detector acceptance is assumed. 
See section III CI for the discussion of the detector accep- 
tance effects. 




FIG. 1: Diagram showing the notations for the different an- 
gles adopted in this paper. The laboratory frame is defined 
by the x, y, and z (beam direction) axes. Pp is the hyperon 
decay baryon 3-momentum in the hyperon rest frame. The 
reaction plane is spanned by the impact parameter b and the 
beam direction. The normal to the reaction plane defines the 
direction of the system orbital momentum L. Reversal of 
the orbital momentum, i— > -L, corresponds to changing the 
reaction plane angle by ^rp ^ ^rp + tt. 

EquationJSlis similar to that used in directed flow mea- 
surements [7U8l.l9l.fi0j. For example, the hyperon directed 
flow can be defined as = (cos {(j)H — ^rp)), where (f>H 
is the azimuthal angle of the hyperon's transverse mo- 
mentum. The similarity to Eq. [3] allows us to use the 
corresponding anisotropic flow measurement technique, 
and in this paper we will follow the same naming con- 
ventions and notations as those adopted in an anisotropic 
flow analysis. 

A. Technique 

The main components of the detector system used in 
this analysis are the STAR main TPC (Time Projec- 
tion Chamber) [ill, two STAR Forward TPCs ^ and 
the STAR ZDC SMD (Zero Degree Calorimeter Shower 
Maximum Detector) [T^, [3, [l3|- Data taken with a 
minimum-bias trigger have been used for this analy- 
sis. The collision centrality was deflned using the to- 
tal charged particle multiplicity within a pseudorapid- 
ity window of [rjl < 0.5. The charged particle multi- 
plicity distribution was divided into nine centrality bins 



(classes): 0-5% (most central collisions), 5-10%, 10-20%, 
20-30%, 30-40%, 40-50%, 50-60%, 60-70%, and 70-80% of 
the total hadronic inelastic cross section for Au+Au col- 
lisions. Our analysis was restricted to events with a pri- 
mary vertex within 30 cm of the center of the TPC along 
the beam direction. This yielded a data set of 8.3 x 10^ 
(9.1 X 10^) minimum-bias events for Au-f-Au collisions at 
62.4 GeV (200 GeV) recorded with the STAR detector 
during RHIC run IV (year 2004). 

The hyperon reconstructio n p rocedure used in this 
analysis is similar to that in jl6l . [TtI . [l^ . The A and A 
particles were reconstructed from their weak decay topol- 
ogy, A pTr~ and A pir^ , using charged tracks mea- 
sured in the TPC. The corresponding decay parameter 
is = — = 0.642 ±0.013 [i9|. Particle assignments 
for p (p) and 7r~ (tt"*") candidates were based on charge 
sign and the mean energy loss, dE/dx, measured for each 
track with at least 15 recorded space hits in the TPC. 
Candidate tracks were then paired to form neutral decay 
vertices, which were required to be at least 6 cm from 
the primary vertex. The reconstructed momentum vec- 
tor at the decay vertex was required to point back to the 
primary event vertex within 0.5 cm. For the A and A 
reconstruction we chose pion candidates with a dca (dis- 
tance of closest approach) to the primary vertex of more 
than 2.5 cm and proton candidates with a dca > 1.0 cm. 




mA,A (GeV/c^) 

FIG. 2: (Color online) Invariant mass distribution for the A 
(filled circles) and A (open squares) candidates after the qual- 
ity cuts for Au-f Au collisions at y^sjvjv"=62.4 GeV (centrality 
region 0-80%). 

Figured] shows the invariant mass distributions for the 
reconstructed A (flUed circles) and A (open squares) can- 
didates in the \r]j^ ^| < 1.3 and pf'^ < 4.5 GeV/c region 
from the data sample for Au-|-Au collisions at 62.4 GeV. 
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In this analysis the hypcron candidates with invariant 
mass within the window 1.11 < m^^ < 1.12 GeV/c^ are 
used. The background contribution, including meson 
contamination, is estimated by fitting the invariant mass 
distribution with the sum of a Gaussian and 3rd-order 
polynomial function, and is less than 8%; it has been 
included in the estimate of the total systematic errors. 

The A and A global polarization is calculated on the 
basis of Eq. [3) The measured hyperons consist of pri- 
mordial A (A) and feed-downs from multistrange hyper- 
ons {'EF' and ri) and decays, and also from short-lived 
resonances decaying via strong interactions. The effect 
of these feed-downs, estimated as described below, is in- 
corporated in our systematic errors in subsection III CI 
Under the assumption that the global polarization has 
the same value for A and TP [l| , we estimate the relative 
contribution from to the extracted global polarization 
of the A hyperons to be < 30%. This estimate takes into 
account an average polarization transfer from YP to A of 
— 1/3 j20l. [2l| (this value can be affected by non- uniform 
acceptance of the daughter A). The E^/A production ra- 
tio is measured in d-|-Au collisions at ^Jsnn = 200 GeV 
to be 15% [121 and is typically expected to be 2-3 times 
higher in Au-|-Au collisions. Based on the results in [23j . 
the contribution of feed-downs from multiply strange hy- 
perons (S, O) is estimated to be less than 15%. This can 
dilute the measured polarization and introduce a simi- 
lar systematic uncertainty (~ 15%) to the global polar- 
ization measurement. The effect of feed-downs to A (A) 
from strongly decaying resonances has not been measured 
with the STAR detector. String fragmentation model cal- 
culations |24| , and study within the scenario of hadron 
gas fireball formation at thermal and partial chemical 
equilibrium p5| , suggest that in pp collisions the fraction 
of direct hyperons is about 25-30% for A and 15-30% for 
A. 

The global polarization measurement could also con- 
ceivably be affected by hyperon spin precession in the 
strong magnetic field within the TPC. Using the equation 
for the spin precession frequency, ojh = 2/i//i?/?i, one can 
estimate the shift of the A and A azimuthal spin orienta- 
tion in the TPC magnetic field {B = 0.5 T) at p^.A = 3.0 
GeV/c to be |(5(^a^aI ^ I^a^a * ta,A * 7a,aI ~ 0.022 (7a,a 
is the hyperon's Lorentz factor). For the hyperon mag- 
netic moment hh and mean lifetime th we use values 
[3' Ma. A = —0.613 /ijv (where /xjv is the nuclear mag- 
neton) and ]i ^ 2.63 x 10"^" s. Thus, the effect of the 
spin precession on the global polarization measurements 
is negligible (< 0.1%). 

The reaction plane angle in Eq. [3] is estimated by cal- 
culating the so-called event plane flow vector Qep- This 
implies the necessity to correct the final results by the 
reaction plane resolution Rep 0, 01 ■ Similar to the case 
of directed flow, the global polarization measurement re- 
quires knowledge of the direction of the system orbital 
momentum L, hence, of the first-order event plane vec- 
tor. Taking this into account, one can rewrite Eq. [3] in 
terms of the first-order event plane angle and its 
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There are a few different possibilities to determine the 
first-order event plane vector in the STAR detector, us- 
ing either the TPC, the Forward TPCs, or the ZDC SMD. 
In this analysis, the first-order event plane vector was de- 
termined from the Forward TPCs, which span a pseudo- 
rapidity region (2.7 < \ri\ < 3.9) characterized by much 
larger directed flow than the TPC region {\t]\ < 1.3). 
The charged particle tracks with transverse momentum 
0.15 < pt < 2.0 GeV/c are used to define the event plane 
vector. The combination of two Forward TPC event 
plane vectors provides the full event plane. The cor- 
responding event-plane resolution, i?gp{FTPC}, is ob- 
tained from the correlation of the two event plane vec- 
tors defined for two random subevents Q . Information 
on the second-order event plane vector determined by the 
strong elliptic fiow in the TPC pseudorapidity region was 
also used in this analysis, to calculate the systematic er- 
rors coming from the uncertainty in the reaction plane 
definition. Use of the ZDC SMD to determine the first- 
order reaction plane would introduce smaller systematic 
uncertainties, but significantly poorer reaction plane res- 
olution, compared to the use of the Forward TPCs, and 
was not practical due to limited statistics. For more dis- 
cussion on systematic uncertainties and the role of the 
reaction plane resolution, see subsection III CI 

The direction of the system angular momentum in 
Eq. d] is fixed by a convention, that spectator neutrons 
are deflected along the direction of the impact parameter 
and thus their directed flow measured with ZDC SMD is 
positive for a positive pseudorapidity value. From cor- 
relations between Forward TPC and ZDC SMD O it 
follows that directed fiow in the Forward TPC pseudora- 
pidity region, which is used to determine the first order 
event plane in this analysis, has an opposite sign com- 
pared to that of spectator neutrons. This is further taken 
into account when determining the direction of the sys- 
tem angular momentum. 



B. Results 

Figure [3] presents the A-hyperon global polarization 
as a function of A transverse momentum p^ calcu- 
lated on the basis of Eq. [D The filled circles show 
the results of the measurement for Au-|-Au collisions 
at y^ijv]v=200 GeV. The open squares indicate the re- 
sults of a similar measurement for Au-f Au collisions at 
y/sNN=62A GeV. The data points are corrected for the 
effects of the non-uniform detector acceptance. Details 
on acceptance effects and systematic uncertainties are 
discussed in Sec lII CI Although the error bars at higher 
A transverse momentum are rather large, there could be 
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pt (GeV/c) 

FIG. 3: (Color online) Global polarization of A-hyperons as 
a function of A transverse momentum p^. Filled circles show 
the results for Au+Au collisions at ^sjvjv=200 GeV (cen- 
trality region 20-70%) and open squares indicate the results 
for Au+Au collisions at y'SNN=62.4: GeV (centrality region 
0-80%). Only statistical uncertainties are shown. 



an indication in Fig.[3]of a possible dependence of the 
global polarization (a constant line fit to the data points 
in the range of 3.3 GeV < pf < 4.5 GeV yields: Pa = 
(-23.3 ± 11.2) X 10-2 with x^/ndf = 0.22/2 for Au+Au 
collisions at -y/sArjv=200 GeV (centrality region 20-70%) 
and Pa = (-20.7 ± 14.2) x 10"^ with x^/ndf = 0.38/2 
for Au+Au collisions at y/sNN~(>2A GeV (centrality re- 
gion 0-80%). Unfortunately, at present there exists no 
theory prediction for the global polarization dependence 
on particle transverse momentum to compare with these 
results. 

It was found in this analysis that the event plane vec- 
tors defined with the particles measured in the Forward 
TPCs are reliable within the centrality region 0-80% for 
Au+Au collisions at y/sNN~62.4 GeV. With higher mul- 
tiplicity at y^s]vjv=200 GeV, saturation effects in the 
Forward TPCs for the most central collisions become evi- 
dent, and the estimated reaction plane angle is unreliable. 
Due to this effect, the centrality region used for the A (A) 
hyperon global polarization measurement in Au+Au col- 
lisions at y^sWN=200 GeV is limited to 20-70%. 

Figure 2] presents the A-hyperon global polarization 
as a function of A pseudorapidity 77^. The symbol keys 
for the data points are the same as in Fig. [31 Note 
that the scale is different from the one in Fig. \3\ The 
Pt-integrated global polarization result is dominated by 
the region p^ < 3 GeV/c, where the measurements 
are consistent with zero (see Fig. [3]). The solid line in 
Fig. m indicates a constant fit to the experimental data: 
Pa = (2.8±9.6) x lO^^ with x^/ndf = 6.5/10 for Au+Au 
collisions at ^SAfAr=200 GeV (centrality region 20-70%) 
and Pa = (1.9 ± 8.0) x lO'^ with x^/ndf = 14.3/10 for 
Au+Au collisions at y/sNN=62A GeV (centrality region 
0-80%). As indicated by the numerical values given in the 



V 

FIG. 4: (Color online) Global polarization of A-hyperons as 
a function of A pseudorapidity -q^. Filled circles show the 
results for Au+Au collisions at y^sjvjv=200 GeV (centrality 
region 20-70%). A constant line fit to these data points yields 
Pa = (2.8 + 9.6) x 10"^ with x^/ndf = 6.5/10. Open squares 
show the results for Au+Au collisions at ^ysNN~62.4 GeV 
(centrality region 0-80%). A constant line fit gives Pa = 
(1.9 ± 8.0) X 10"^ with x^/ndf = 14.3/10. Only statistical 
uncertainties are shown. 



caption, the lines associated with each of the two beam 
energies are almost indistinguishable from zero within 
the resolution of the plot. The results for the A-hyperon 
global polarization as a function of 77^ within the STAR 
acceptance are consistent with zero. 
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FIG. 5: (Color online) Global polarization of A-hyperons 
as a function of centrality given as fraction of the total in- 
elastic hadronic cross section. Filled circles show the results 
for Au+Au collisions at \/sjvjv=200 GeV (centrality region 
20-70%) and open squares indicate the results for Au+Au col- 
62.4 GeV (centrality region 0-80%) 



lisions at ^/snn 
statistical uncertainties are shown 



Only 



Figure [5] presents the A-hyperon global polarization as 
a function of centrality given as a fraction of the total in- 
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elastic hadronic cross section. The symbol keys for the 
data points are the same as in Fig. [31 Within the statisti- 
cal uncertainties we observe no centrality-dependence of 
the A global polarization. 




pt (GeV/c) 

FIG. 6: (Color online) Global polarization of A-hyperons as 
a function of A transverse momentum . Filled circles show 
the results for Au+Au collisions at ^sjvjv=200 GeV (cen- 
trality region 20-70%) and open squares indicate the results 
for Au-f Au collisions at y^sjvjv=62.4 GeV (centrality region 
0-80%). Only statistical uncertainties are shown. 
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FIG. 7: (Color online) Global polarization of A-hyperons as 
a function of A pseudorapidity rj^. Filled circles show the 
results for Au-|-Au collisions at y^sjvjv=200 GeV (centrahty 
region 20-70%). A constant line ht to these data points yields 
Pa = (1.8±10.8) X 10"^ with X^/ndf = 5.5/10. Open squares 
show the results for Au-I-Au collisions at y^ijvjv=62.4 GeV 
(centrality region 0-80%). A constant line fit gives P^. = 
(-17.6 ± 11.1) X 10"^ with X^/ndf = 8.0/10. Only statistical 
uncertainties are shown. 



The statistics for A-hyperons are smaller than those 
for A-hyperons by 40% (20%) for Au-|-Au coUisions at 
,/i]^=62.4 GeV (200 GeV). Figures[l[71 and[S]show the 




a{%) 

FIG. 8; (Color online) Global polarization of A-hyperons 
as a function of centrality. Filled circles show the results 
for Au-f Au collisions at ^sjvjv=200 GeV (centrahty region 
20-70%) and open squares indicate the results for Au-|-Au col- 
lisions at y^sjvjv=62.4 GeV (centrality region 0-80%). Only 
statistical uncertainties are shown. 



results for the A-hyperon global polarization as a function 
of A transverse momentum, pseudorapidity, and central- 
ity (the symbol keys for the data points are the same 
as in Figs. [31 [H and [5]). Again, no deviation from zero 
has been observed within statistical errors. The constant 
line fits for the A-hyperon global polarization give: P]y = 
(1.8±10.8) X 10-3 with x^/ndf = 5.5/10 for Au-f Au colli- 
sions at ^S7VAr=200 GeV (centrality region 20-70%) and 
Pjy = (-17.6 ± 11.1) X 10-3 with x^/ndf 8.0/10 for 



Au-f Au collisions at y/sJjN- 
0- 



=62.4 GeV (centrality region 



C. Acceptance effects and systematic uncertainties 



The derivation of Eq. [3l assumes a perfect reconstruc- 
tion acceptance for hypcrons. For the case of an im- 
perfect detector, we similarly consider the average of 
(sin (0* — 5"^?)) but take into account the fact that the 
integral over solid angle dfl* = d(f>* sin 9* d9* of the hy- 
peron decay baryon's 3-momentum p* in the hyperon 
rest frame is affected by detector acceptance: 
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sin (0; - vl/Rp)) = I ^^A{pH,p;) J sin (0; - vj/pp) [1 + an Ph{ph; *rp) sin^; • sin (</.; - vj/pp)] .(5) 



Here is the hyperon 3-momentum, and A (pHiPp) is a function to account for detector acceptance. The integral 
of this function over ((iil*/47r)((i0///27r) is normahzed to unity. As stated in the beginning of section |TT1 the global 
polarization can depend on the relative azimuthal angle {(j)fj — ^'rp). Taking into account the symmetry of the system, 
one can expand the global polarization as a function of — 5'rp) in a sum over even harmonics: 



(6) 



In this work we report the global polarization averaged over all possible values of {(f>H — ^'rp): 

Ph (pf , v") ^ PH{cbH-^KF,pP,rj^) - P^^^ {p^ ,v") ■ 
Substitution of Eq. [6] into Eq. [5] and integration over the reaction plane angle ^'rp gives: 



sm 



P-*RP)) = — J -J^^A[PH,Pp)sin0j, 



1 



Ph {p^,v") ^ cos [2(0H - ^l)] P^h^ {p?.v"' 



Based on this equation, the observable ^ can be written in the following form: 



sin - M/Rp)) = - sing; Ph (pf , v") - - sinO; cos [2(0^ - 0;)] pI^^ (pf , 77^^ 



nan 



Ao(pf ,^«) Ph {p^,v'')-A2ip^,v") P^h\p?^v") 



(8) 



(9) 



where functions Ao{p^,r]^) and A2{p^ ,rj^) are defined by the average of sin 6** and sin 0* cos \2{(j)H ~ '/'p] over 
detector acceptance according to equations: 



sm( 



A2{p?,Tl") = ^ sine; cos [2(0j^-0;)] = 



dVl*p d(j}H 
47r 27r 



A {ph, pI) sine; cos [2(0^ - 0;)] . 



(10) 

(11) 



As follows from Eq. [9] there exist two different contri- 
butions due to detector acceptance. The first one af- 
fects the overall scale of the measured global polariza- 
tion and is given by the acceptance correction function 
Ao{p^ ,1]^). A different effect due to non- uniform de- 
tector acceptance comes from the admixture of higher 
harmonic terms in Eq. [2] proportional to P^"* (^^,77-^). 
Since the values of Ph^ {pt^,V^) are not measured in 
this analysis and values of A2{p^ , rj^) are small (see be- 
low), we present data in Figs. [3][5] corrected only with 
the Ao{pP ,r]^) function, providing an estimate for the 
systematic uncertainty associated with acceptance effects 
due to higher harmonic terms. In the case of a perfect ac- 
ceptance, Ao(pf , 77^) = 1 and A2{p" ,ri") = 0, and Eq.jS] 
reduces to the global polarization Since the back- 
ground contribution to the hyperon invariant mass dis- 
tribution is small (see Fig. [2]) , the value of these functions 
Ao{p^ ,7]^) and A2{p^ ,7]^) can be extracted directly 



from the experimental data by calculating the average 
over all events for the A and A candidates for sin 6** and 
sinO; cos [2{(j)H — 0p)] , respectively. 

Figure [5] shows the pseudorapidity r]^'^ and transverse 
momentum p^'^ dependence of the acceptance correction 
function ^0 defined in Eq. [TO] for A (filled circles) and 
A (open squares) candidates reconstructed from Au-|-Au 
collisions at ^/snn— 200 GeV. For different centralities, 
this function varies within 2% around an average value 
of 0.98. The deviation of Aq from unity is small and it 
reflects losses of the daughter protons (anti-protons) or 
pions from the STAR detector acceptance, primarily at 
small angles with respect to the beam direction. Proton 
(anti-proton) losses and pion losses dominate in different 
regions of phase space, since in the detector frame the 
protons (anti-protons) follow the parent A (A) direction 
much more closely than do the pions. When the A (A) 
momentum is itself near the acceptance edges {\r]\ ~ 1), 
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9: (Color online) Acceptance correction function 
Ao{pf yTi'^) defined in (|10p as a function of A (filled circles) 
and A (open squares) transverse momentum (top) and pseu- 
dorapidity (bottom). The deviation of this function from 
unity affects the overall scale of the measured global polariza- 
tion according to Eq. [9] See the text for details and discus- 
sions on Aq and rj^ dependence. 



then the primary losses come from protons (anti-protons) 
falling even closer to the beam direction. This disfavor- 
ing of small 9* tends to increase sin 6* , hence Aq , with 
respect to uniform acceptance. In contrast, when the 
hyperon is near midrapidity or at high , the daugh- 
ter protons are constrained to stay within the detector 
acceptance. Then the primary losses arise from forward- 
going daughter pions, preferentially correlated with large 
sin^*, tending to reduce from unity. In any case, the 
corresponding corrections to the absolute value of the 
global polarization are estimated to be less than 20% of 
the extracted polarization values. 

The contribution from {pj^ y V^) in Eq.l^lis defined 
by the deviation from zero of the function A2{pP ,r]^). 
The value of this function has been also extracted from 
the experimental data and is presented in Fig. 1101 The 
global polarization Ph is not expected to change sign 



-0.5 



0.5 

,A,A 



n 



FIG. 10: (Color online) Function A2{p",ri") defined in ^ 
as a function of A (filled circles) and A (open squares) trans- 
verse momentum (top) and pseudorapidity (bottom). The 
deviation of this function from zero defines the contribution 



to the observable (j^J from Pj 



(2) 



V 



^) in the expansion (O- 



depending on the relative orientation of the hyperons 
momentum direction and the system orbital momentum. 
This implies that ^ l-P^'*!- and the corresponding 

corrections from the admixture of P^^ {p't ^ V^) to the A 
and A hyperon global polarization measurement are less 
than A2, which is <20%. 

The hyperon directed flow is defined as the first or- 
der coefficient in the Fourier expansion of the hyperon 
azimuthal angular distribution with respect to the reac- 
tion plane. Due to non-uniform detector acceptance it 
will interfere with the hyperon global polarization mea- 
surement and this can dilute the measured polarization 
[2^ . Assuming that hyperon directed flow is of the same 
order of magnitude as for charged particles (< 10%), the 
effect of such interference is negligible (< 1%) in the A 
and A hyperon global polarization measurement [2^. It 
is possible that due to both the hyperon reconstruction 
procedure and imperfection of the reaction plane deter- 
mination, the higher harmonics of hyperon anisotropic 
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flow (i.e. elliptic flow) will also contribute, but these are 
higher order corrections compared to those from hyperon 
directed flow. 

To check the analysis code, Monte Carlo simulations 
with sizable linear transverse momentum dependence of 
hyperon global polarization and hydrodynamic pf spec- 
tra have been performed. Both the sign and magnitude 
of the reconstructed polarization agreed with the input 
values within statistical uncertainties. 

The measurement could be affected by other system- 
atic effects. Most of them are similar to those present in 
an anisotropic flow analysis, with the most significant one 
coming from the determination of the event plane vector 
and its resolution. In calculating the reaction plane res- 
olution, we have used the random sub-event technique 
0, as well as the mixed harmonic method [l^, [l^l 
with the second-order event plane determined from TPC 
tracks. The mixed harmonic method is known to be ef- 
fective in suppressing a wide range of non-flow effects 
(short range correlations, effects of momentum conserva- 
tion [H], etc.). 

To suppress the contribution to the global polarization 
measurement from "non-flow" effects (mainly due to mo- 
mentum conservation) the combination of both east and 
west Forward TPC event plane vectors was used. The 
contribution from other few-particle correlations (i.e., 
resonances, jets, etc.) was estimated by comparing the 
results obtained from correlations using positive or neg- 
ative particles to determine the reaction plane. Uncer- 
tainties related to the dependence of tracking efficiency 
(in particular, charged particle and A (A) hyperon recon- 
struction efficiency) on azimuthal angle were estimated 
by comparing the results obtained with different mag- 
netic field settings and also with event plane vectors de- 
termined from positively or negatively charged particles. 
The magnitude of non-flow correlations is multiplicity 
dependent and its contribution to anisotropic flow mea- 
surement increases with collision ccntrality. The average 
uncertainty due to the reaction plane reconstruction is 
estimated to be 30%. 



Source of uncertainty 


value 


Decay parameter a^^^A error 


2% 


Background, Tfg contamination 


8% 


Multistrange feed-down 


15% 


E" feed-down 


30% 


PHi4>H — tpRp) dependence {A2 term) 


20% 


Reaction plane uncertainty 


30% 


Hyperon anisotropic flow contribution 


< 1% 


Hyperon spin precession 


< 0.1% 


Total uncertainty (sum) 


105% 



TABLE I: Summary table for systematic uncertainties of the 
A (A) global polarization measurement. See sections III Al and 
ITOfor details. 



All uncertainties discussed in sections [II Al and III CI are 
relative. Table IJ summarizes systematic errors in the 
global polarization measurement. Although some of the 
systematic uncertainty contributions may be expected to 
be correlated, we have conservatively combined all contri- 
butions by linear summation to arrive at an upper limit 
for the total systematic uncertainty. The overall rela- 
tive uncertainty in the A (A) hyperon global polarization 
measurement due to detector effects is estimated to be 
less than a factor of 2. 

Taking all these possible correction factors into ac- 
count, and that our measurements arc consistent with 
zero with statistical error of about 0.01, our results sug- 
gest that the global A and A polarizations are < 0.02 in 
magnitude. 



III. CONCLUSION 

The A and A hyperon global polarization has been 
measured in Au-|-Au collisions at center of mass ener- 
gies ys;^=62.4 and 200 GeV with the STAR detector 
at RHIC. An upper hmit of |Pa_aI < 0.02 for the global 
polarization of A and A hyperons within the STAR accep- 
tance is obtained. This upper limit is far below the few 
tens of percent values discussed in [l| , but it falls within 
the predicted region from the more realistic calculations 
Q based on the HTL (Hard Thermal Loop) model. 
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